How do physical capital accumulation and total factor productivity (TFP) individually add to economic growth? We approach this question from the perspective of the quality of physical capital and labor, namely the age of physical capital and human capital. We build a unique dataset by explicitly calculating the age of physical capital for each country and each year of our time frame and estimate a stochastic frontier production function incorporating input quality in five regions of countries (Africa, East Asia, Latin America, South Asia and West). Physical capital accumulation generally proves much more important than either the improved quality of factors or TFP growth in explaining output growth. The age of capital decreases growth in all regions except in Africa, while human capital increases growth in all regions except in East Asia.
INTRODUCTION
A large body of theoretical and empirical literature has examined output growth decomposition. The answer from growth accounting sees the separation of growth into two components: one component related to factor accumulation, most often accounted for by physical and human capital, and the other accounted for by total factor productivity (TFP), a lumpy term often associated with technological changethe so-called Solow (1956) residual. Early growth accounting finds that TFP represents the largest share of output growth in developed countries. In contrast, more recent growth accounting rejects the importance of TFP and concludes that it is factor accumulation that accounts for most cross-country income differences (e.g. Baier et al., 2006) . Cross-country regression analysischiefly in endogenous growth (Lucas, 1988; Romer, 1986 )instead seeks to explain the residual using economic variables, such as trade openness and research and development (e.g. Miller and Upadhyay, 2000; Parente and Prescott, 2005) . These studies too present mixed results about the main components of growth, even though they favor physical capital accumulation.
Both growth accounting and cross-country regressions assume that TFP is a residual, not allowing the distinction between technological change and technical efficiency (Bosworth and Collins, 2003) . Frontier studies add one more term to TFPtechnical efficiency, which provides a more precise decomposition of the Solow residual. This measure of TFP is therefore no longer limited to technological change; rather, similarly to the notion of world technology frontier (e.g. Acemoglu et al., 2006) , it also incorporates technical efficiency, providing a more precise decomposition of the Solow residual.
In addressing whether factor accumulation or TFP growth explains most of output growth, most early frontier applications confirm the hypothesis that factor accumulation and not TFP growth explains the bulk of output growth (Henderson and Russell, 2005; Kumar and Russell, 2002; Kumbhakar and Wang, 2005; Nissan and Niroomand, 2006) . More recent frontier applications instead do not agree on an answer. For example, Makiela (2009) finds that factor accumulation explains the biggest share of growth, while Pires and Garcia (2012) find that TFP growth explains a significant part of growth. Thus, results about the main components of growth remain mixed. 1 Motivated by these mixed results, this article tackles the question of the determinants of output growth by focusing on input quality. That is, it considers the age of the capital stock for physical capital and the level of education of the population (human capital) for labor.
Most theoretical work in economic growth shares an assumption about production, namely that units of physical capital and labor combine with human capital to produce final units of output. The quantity of physical capital stock changes over time through investment flows and depreciationthus, treating all units of capital equally. The assumption that units of physical capital are homogenous across time appears unreasonable, for growth can arise from the employment of more capital goods or from the employment of improved ones (e.g. Aghion and Howitt, 2007) .
One commonly used approach to account for the quality of physical capital employs efficient units of capital (corrected for the age effect) instead of physical ones (e.g. Hulten, 1992) . In this efficient units approach, one constructs capital series where capital depreciates physically (at a rate that can be equal or can be different by country or by sector) as well as becomes technologically obsolete. Most studies that use efficient units of physical capital (Gittleman et al., 2006; Shinada, 2011) seem to agree, however, that the inclusion of the age effect adjusts TFP upward, and causes some smoothing of TFP. Instead of correcting the capital stock using efficient units of capital, we present a simple specification where the productivity of capital directly depends on its average age: physical capital contributes more to output the 'newer' it is, suggesting that physical capital can positively affect growth either through its physical amount or through its average age. The rationale for bringing in the age of physical capital, as empirically elaborated in the next section, rests on the so-called embodiment hypothesis.
In addition to the quality of physical capital, we account for the quality of labor using human capital, which is recognized as an important factor for growth. Yet, its influence on growth remains debated, resulting in two trends in the literature. The first trend considers human capital as a direct input in production (e.g. Islam, 1995; Mankiw et al., 1992) ; while the second sees it as multiplicatively augmenting labor (e.g. Benhabib and Spiegel, 1994; Turner et al., 2013) . We posit that human capital enters production through its influence on labor productivity: labor contributes more to total output the higher is the level of human capital.
We accordingly build a unique dataset of the average age of physical capital for 90 countries grouped into five regions (Africa, East Asia, Latin America, South Asia and West) and over the period . We then introduce a novel production function specification where average age affects the productivity of physical capital and the level of human capital affects the productivity of labor. We subsequently determine for each region, through stochastic frontier, the relative contributions of physical capital accumulation and TFP to total growth in the presence of input quality effects. As mentioned above, the frontier methodology offers the advantage of extracting efficiency from TFP.
Our empirical approach allows the assessment of different effects on growth. First, it sheds light on the relative importance of physical capital accumulation and TFP when the quality of inputs is included. Second, analogously to Gapinski (1999) , it allows the separation between the purely input quantity effect from the input quality effect. Third, thanks to the inclusion of input quality, TFP growth decomposes into three effects: input quality change, technical efficiency change, and technological change. To the best of our knowledge, no prior work exists that examines these effects in an analogous manner.
Our principal results can be reported succinctly. The decomposition of output growth demonstrates that even after accounting for input quality, physical capital accumulation generally proves much more important than either the improved quality of factors or TFP growth in explaining output growth. The age of capital decreases growth in all regions except in Africa (the older the capital, the slower the growth), while education increases growth in all regions except in East Asia. Technological change exhibits the highest effect on growth in East Asia and the lowest in South Asia. Finally, our findings indicate that whenever the age of capital is significant and with the right sign, technology is improving.
This article is most closely related to Koop et al. (2000) , which constructs a production function where observed units of inputs are transformed into efficient ones using corrective variables; our production specification instead differs by accounting for the quantity and quality of inputs separately. Henderson and Russell (2005) , another related work, decomposes output growth in the context of a non-parametric frontier. We employ a parametric one. In its parametric stochastic variant, frontier analysis creates more scope to model quality effects through a specific functional form for production. Moreover, unlike Henderson and Russell, we also account for the quality of physical capital.
The rest of the article is organized as follows. We start with the empirical rationale for considering the age of physical capital (section 2), after which we calculate the capital stock and its average age (section 3). Our empirical approach is described next (section 4), followed by our findings (section 5). The conclusion wraps up (section 6).
RATIONALE FOR INCORPORATING THE AGE OF PHYSICAL CAPITAL
As previously noted, the rationale for the inclusion of the average age of physical capital is the embodiment hypothesis, which suggests that older capital contributes less to TFP than newer capital. The intuition is that older physical capital embodies older technology, which, ceteris paribus, is less productive. 2 The hypothesis has been tested empirically at different levels (aggregate, industry), and has not always been proven to hold (e.g. Caselli, 2005; Whelan, 2007) . A common explanation given to justify this finding is that most databases already adjust for the quality of physical capital through prices. The same literature, however, recognizes that these adjustments may not entirely capture the improved quality of physical capital. Hence, some quality effect still may be unaccounted for. Another explanation relates to the construction of the capital stock series itself. This explanation rests on the belief that the construction of the series places too little weight on old units of investment. Consequently, it does not appropriately substantiate for the productive effects of different units of investment.
We test the embodiment hypothesis by regressing the growth of a measure of TFP against the growth of lagged investment series. 3 If the hypothesis holds, we expect the growth of more distant investment lags to exert less on current TFP growth than less distant lags. We follow Caselli (2005) and measure TFP as Y L ð1ÀaÞ , where Y is total output, L is units of labor and a is the elasticity of output with respect to capital. For the purposes of this section, a is aligned with standard practice, namely it is set equal to 1/3. In the rest of the article, however, a is modeled as a function of the age of physical capital, which, of course, is the pivot of the analysis.
We estimate a simple cross-country OLS regression where the dependent variable, namely growth in TFP over the period 1960-2007, is regressed against the growth in investment in 1965, 1975, 1985, 1995 and 2007 in the sample of 90 countries (one observation per country). To have a broader picture, we re-estimate the same cross-country regression with weights given to growth in investment. Both regressions are corrected for heteroskedasticity. See Appendix A for the sample of 90 countries.
We calculate the variables using data from the Penn World Tables 6.3 (PWT6.3) on real GDP per capita, investment as a share of GDP, population, and real GDP per worker. Investment comes from real GDP per capita (variable rgdpl), population, and the investment as a share of GDP (variable ki) while labor 2. One of the cetera that is kept paria is the absence of other tradeoffs that may tip the technology adoption balance. In the case of space exploration, for instance, reliable technology is more valuable than latest technology. A recent illustration is NASA's Orion Multi-Purpose Crew Vehicle (Orion MPCV) spacecraft. See http://www.computerworld.com/article/2855604/the-orion-spacec raft-is-no-smarter-than-your-phone.html. 3. We regress growth rates instead of levels of the investment series to avoid possible multicollinearity issues. 1965, 1975, 1985, 1995 and 2007 . We see that different lags of investment growth carry different coefficients (even if not all significant) that are also generally larger for more recent lags, suggesting that more recent investment growth contributes more to TFP growth than older investment growth. Panel B of Table 1 displays the results of the OLS with weights, which are in line with those of the simple OLS: the coefficients on distant lags are generally smaller than those on more recent lags. To check the statistical difference of the coefficients, we perform a linear restrictions test on both estimations. Results show that the hypothesis that coefficients are pairwise equal is rejected at the 1% significance level for both the simple and the weighted OLS.
Output Growth Decomposition with Input Quality Effects
The bottom line of our regression exercise is that we cannot a priori reject the embodiment hypothesis, entailing that there may be a negative correlation between TFP and the age of physical capital. There is accordingly scope to more precisely ascertain the relation between TFP and the age of physical capital by considering the effect of the age of capital on productivity of capital.
CALCULATION OF THE CAPITAL STOCK AND ITS AVERAGE AGE
This section estimates (non-quality adjusted) physical capital stocks and the average age of physical capital for the 90 countries over the period 1960-2007. The countries are grouped into five regions as follows: Africa (30 countries), Latin America (21 countries), East Asia (8 countries), South Asia (8 countries) and the West (23 countries). Our country regions are the same as those of Henderson and Russell (2005) and Koop et al. (2000) , with the only exception that the former further distinguishes between OECD and non-OECD countries. Refer to Appendix A for the five regions.
Calculating the capital stock
In order to estimate the capital stock series, we first estimate the initial capital stock (1960) for each country. Then, based on that starting value, and available investment series, we use the perpetual inventory method to derive the capital stocks for the entire period.
The initial capital stock is calculated using the steady-state method (King and Levine, 1994) . The method assumes that the capital-output ratio is constant in the steady state. That is, for each country and for time period t, physical capital and real output grow at the same rate
where / Ã t equals the steady-state growth rate, K t equals the capital stock, and Y t equals real GDP. Since dK t = I t À dK t , then (dK t /K t ) = (I t /K t ) À d, where I t equals gross investment, and d is the (physical) depreciation rate of physical capital. 5 5. The notation means that dK t = K t+1 À K t and dY t = Y t+1 À Y t .
We assume that d is constant across countries and time at 7% per year (King and Levine, 1994) . 6 Consequently, the steady-state capital-output ratio for country j is derived as follows:
where j Ã j equals the steady-state capital-output ratio, and i Ã j equals the steady-state investment rate for country j. We assume that the steady-state investment rate equals the average investment rate for the entire period. We also assume that the steady-state growth rate equals a weighted average of the country's growth rate and the world growth rate. Specifically, the steady-state growth rate of country j is
where k = 0.25 is a measure of mean reversion in the growth rates (Easterly et al., 1993) , and / w = 0.04 equals the world growth rate over the 48-year period.
The calculation of the steady-state capital-output ratio assumes that the capital-output ratio remains fixed. We use the steady-state capital-output ratio to calculate each country's initial capital stock. As the steady-state capital-output ratio applies to the initial year, the following holds:
where Y j,0 , and K j,0 equal country j's initial GDP and initial capital stock (1960) . The calculation of the capital stock for the remaining years uses the perpetual inventory method first developed by Harberger (1978) :
where K j,t equals the capital stock and I j,t equals gross investment for country j at time t. After substitutions, equation (4) generates a function of the initial capital stock and investment flows:
Equation (5) produces a time-series physical capital stock for all countries. Table 2 reports the average output, physical capital and labor for each decade and each region, as well as the minimum and maximum averages for countries over the entire sample. Notice how, except for East Asia during the last decade, all variables increase continuously over the period and in all regions. The West possesses the highest averages of real output and physical capital in all five decades, while Africa owns the lowest averages. The labor force, however, emerges as the highest in East Asia and the lowest in Africa. 6. Kamps (2006) disaggregates physical capital into three categories (private non-residential, government and private residential) and argues that the time profile of depreciation depends on the category of capital. Berlemann and Wesselh€ oft (2014) use a similar disaggregation approach in calculating their physical capital series. Here, the distinction between units of physical capital is based solely on the difference in the age of capital regardless of the sector or industry in which the capital is used. Capital depreciates physically at a constant rate (d) while technology becomes more obsolete the older the capital.
Output Growth Decomposition with Input Quality Effects Table 3 reports the average capital-output and capital-labor ratios per decade and per region as well as the minimum and maximum averages for countries over the entire sample. Notice how the capital-output ratio exhibits ups and downs for all regions without a clear trend while the capital-labor ratio is mostly rising. The West ranks first in terms of both ratios while Africa and South Asia have the lowest capital-output and capital-labor ratios, respectively. Gapinski (1999) develops a vintage capital model assuming a constant returns to scale Cobb-Douglas production function. We adopt a slight modification of Gapinski, where we exclude consideration of the rate of embodiment, to estimate the average age of capital using a discrete-time model:
Calculating the average age of physical capital
where V t equals the average age of the capital stock at time t, V equals the average age of the steady-state capital stock and WAA equals the weighted aggregate age of the capital stock, where investment provides the weights. 7 Consequently, the average age of capital depends only upon the level of investment, the depreciation rate, and the average age of the steady-state capital stock. We calculate the average age of capital for the countries for which we estimate the capital stock and provide information for each of the five regions that constitute the final analysis. 
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Further discussion of equation (6) proves important. First, note that the steadystate capital stock in period zero (i.e. K 0 by assumption) exhibits an average age of V. As we move one year ahead in time, the initial capital stock depreciates and ages by one year, which continues for each additional year. Thus, we write (V þ t)(1 À d) t K 0 to capture the weighted age of the initial capital stock after t years, which appears as the last term in the brackets in equation (6). For each additional period beyond period zero, we add investment (i.e. I i ) to the capital stock. Investment in period i only appears in the capital stock in period (i + 1) with age equal to zero. Then, moving to time period t > i, we write the weighted age of the capital stock from the i-th period as P t i¼1 ðtÀiÞð1ÀdÞ tÀi I iÀ1 , which appears as the first term in the brackets in equation (6). For example, when i = t À 1, then the weighted age equals ð1ÀdÞI tÀ2 .
Second, the average age of the steady-state capital stock is calculated as follows. Compare the age of the capital stock at time zero and one. At time zero, we assume that the capital stock equals the steady-state value. Thus, the average age equals V. In period one, the stock of capital in period zero becomes one year older (i.e. (V þ 1)) and it depreciates by d. The investment in period zero (i.e. I 0 ) carries on as capital in period one with age equal to zero. Thus, the average age of the capital stock in period one equals the following expression:
where
Assuming that the investment in period one exactly kept the capital stock at its steady-state level in period one, then V 1 ¼ V: Substituting equation (8) into (7) and setting V 1 ¼ V produces the following solution for V:
Since (K 0 /I 0 ) equals the steady-state capital-investment ratio, we substitute from equation (1) to obtain the following outcome:
where / Ã is calculated as in equation (2) and takes a different value for each country. This leads to a different average age of the initial capital stock for each country. In Africa, the average age of capital is at its highest in the last decade. East Asia experiences the fastest decline in the average age of its capital stock in the first three decades before the average age starts increasing again in the 1990s and 2000s. We expect this outcome, since East Asian countries largely focused on industrialization and modernization of their economies during the first three decades of our study . The policy shift of Hong Kong and Singapore from import substitution to export promotion strategies and their high investment rates during the 1960s helps to explain their lowest average age of capital.
EMPIRICAL APPROACH
Stochastic frontier assumes that given inputs, a maximum attainable output exists. The country's production lies on the frontier, if it uses the inputs efficiently, or within the frontier, if it uses the inputs inefficiently (Aigner et al., 1977; Meusen and van den Broeck, 1977) . The distance between the frontier and the actual production point measures technical inefficiency. In this context, the Solow residual reflects not only technological change, but also country specific variables that influence a country's success in producing close to its best-practice output. Over time, a country's performance relative to the frontier includes two factors. First, a country can become more efficient, and get closer to the frontier. Second, the frontier itself can shift over time. Frontier shifts reflect purely technological factors. In addition, a country can move along the frontier by changing inputs. Hence, output growth can be thought of in terms of three components: efficiency change, technological change and input change.
We assume a standard Cobb-Douglas production function, where aggregate output is produced using the aggregate physical capital stock and labor:
where Y it , K it and L it represent country i's real GDP, physical capital stock and labor at time t. A t equals Ae ξt , where ξ measures the rate of technological change.
That is to say that, throughout, the t in ξt represents a simple time trend accounting for technological change from technology affecting production that is not captured by the age of capital. The parameters b 1it and b 2it measure the elasticities of output with respect to capital and labor. To allow differences in the quality of inputs between countries, we assume that the productivities of capital and labor directly depend on the average age of capital and the level of human capital, respectively. Consequently, we assume that the coefficients b 1it and b 2it are linear functions of capital age and human Output Growth Decomposition with Input Quality Effects capital, respectively. Thus,
where V it represents country i's average age of physical capital at time t and H it represents country i's mean years of secondary education (or human capital) at time t. Because older capital incorporates older technology, one expects that the lower the average age, the more productive the capital stock. Similarly, the more educated workers are, the higher the productivity of labor. Consequently, we expect that the sign of a 2 is negative, and that the sign of x 2 is positive. After substituting equations (12) and (13) into equation (11) and after taking natural logarithms, equation (11) becomes:
where v it are independently and identically distributed random errors, iid~N(0, r 2 v ), and u it are distributed independently of v it and follow a normal distribution, that is u it~N (l, r 2 u ). We model the one-sided error term as:
where g captures the rate of decline in technical inefficiency (Battese and Coelli, 1992) . Thus, the technical efficiency measures for every country and every year are calculated as:
Battese and Corra (1977) suggest that to facilitate hypothesis testing r 2 u and r 2 v be replaced by r 2 ¼ r 2 u þ r 2 v and c ¼ r 2 u =ðr 2 v þ r 2 u Þ. Under this parameterization, c measures, between zero and one, the share of technical efficiency in explaining the error variation.
We estimate equations (14) and (15) for each region and for the period 1960-2007. 8 Data on Y, K, L and V are from our previous calculations. To approximate the level of human capital, we use the mean years of secondary education. These data are from the Barro-Lee Educational Attainment Dataset. 9 Table 5 provides information on the mean years of education by decade and by region. It shows that the level of education increases across the decades for all regions, the only exception is the sharp decrease experienced by East Asia in the years 2000-07. East Asia experiences the highest mean years of education over the 48-year period followed by Latin America, West, South Asia and Africa. 8. We use FRONTIER Version 4.1: http://www.uq.edu.au/economics/cepa/frontier.php. 9. The data in the Barro-Lee Educational Attainment Dataset (Barro and Lee, 2013) are presented at
five-year intervals (http://www.barrolee.com/). Since our time series from 1960 to 2007 requires yearly data, we use the value of the reported year for the subsequent years in each interval (Wang and Wong, 2012) . For example, the number for 2000 will be repeated for all the years from 2000 to 2004.
We perform several hypotheses tests concerning the existence of regional frontiers versus a single world frontier, and the existence and the distribution of the efficiency term, employing log-likelihood tests. We find that the regional frontiers exhibit significantly different technologies and aggregation into a world technology does not seem justified. We further find that the stochastic frontier significantly dominates the OLS model in all regions and the half-normal distribution dominates the truncated normal in all regions except for East Asia. Finally, we test whether technical efficiency is time varying or time invarying. We find that the time-varying technical efficiency dominates in every region, except for Africa. See Table B1 in Appendix B.
We now consider the time-series properties of the data. Panel data require stationarity of the series. If the model is estimated and the series are non-stationary, then the issue of false correlation among the series may arise and the estimated production function would be spurious. In stochastic frontier analysis, this implies that the inefficiency term is meaningless and inaccurate. In the absence of level stationarity, one should consider first differences. If the latter are all stationary, then there could be a long run relationship in the series (i.e. there is cointegration), in which case we can proceed with data analysis. We employ the panel unit-root test of Im et al. (2003) to check for stationarity in lnY, lnK, lnL, VlnK and HlnL. Results indicate that most of the series are non-stationary in level (Table B2 , Panel A) but stationary in first difference (Table B2 , Panel B). The Johansen Fisher test for panel cointegration rejects the null hypotheses of no cointegration between the series at the 1% level for all regions (Table B3 ). This result implies that even though the level series are not stationary, they follow a common trend in the long run, meaning that a long run relationship exists between them and level analysis can be performed. This sets the ground for our stochastic frontier analysis. Output Growth Decomposition with Input Quality Effects Table 6 displays the results of the regional stochastic frontier estimations from equation (14), where the frontier specification for each region is based on the hypothesis tests as reported in Table B1 in Appendix B. Results show that the coefficients on capital and labor prove significantly positive in all regions. The coefficients on the average age of capital interaction term prove significantly negative in East Asia, Latin America and the West suggesting that the older capital stock exhibits lower productivity in these three regions. The coefficient is positive but insignificant in Africa, which suggests that the age of the capital stock does not affect productivity in Africa. Finally, the coefficient is positive and significant in South Asia, which is an exception to our expectations. The coefficients, however, do not produce sizeable effects, as we shall see later.
FINDINGS
The coefficients on the human capital interaction term prove significantly positive in Africa, South Asia and West, and positive and insignificant in Latin America. In East Asia, the coefficient is significant and negative. This result indicates that, with the exception of two regions, higher educational attainment generated more productive labor. The coefficients on the time trend prove significant and positive Notes: The frontier specification for each region is based on the hypothesis tests as reported in Table B1 in Appendix B. LLF stands for log-likelihood function. Technical efficiency is time-invariant for Africa (g is set equal to zero for Africa). The numbers in parentheses are t-statistics. ***Significant at the 1%; **Significant at the 5%; *Significant at the 10%.
in East Asia, Latin America and the West, but negative and insignificant in Africa and negative and significant in South Asia. That is, positive technological change occurs in those regions where the average age of capital is negatively related to economic growth. This indicates that whenever the age of capital is significant and with the right sign, technology improves growth. The last four rows of Table 6 show the results related to the inefficiency term. Technical efficiency significantly improves in East Asia, South Asia and the West but significantly deteriorates in Latin America. In accordance with our stochastic frontier test results, Africa's technical efficiency is set so as not to vary with time. The estimated coefficients for c for Africa, East Asia, Latin America, South Asia and the West are, respectively, 0.92, 0.99, 0.94, 0.023 and 0.98. These results indicate that technical efficiency explains most of the error variations in Africa, East Asia, Latin America and the West, but does not explain much of the error term in South Asia. One may argue that the age of physical capital is endogenous to the model, namely that it can be correlated with the error term. Few have addressed the issue of endogeneity in the production function in a stochastic frontier framework (Guan et al., 2009) . One procedure to control for endogeneity is to estimate our inefficiency model by including lagged values of the variables (Christopoulos et al., 2015; Wang and Wong, 2012) . Lagged values are less likely to be influenced by current shocks, for they are strongly correlated with the current variables, but not correlated with the residual. We therefore reran our five estimations with the age of capital lagged by one period. As the lagged age interacts with lagged capital, we also lag physical capital by one period. As reported in Table 7 , results remain largely unchanged: the coefficient on the age of capital is still negative and significant in East Asia, Latin America and the West. Table 8 reports the results for the technical efficiency estimatesmeans, standard deviations, and minimum and maximum values. South Asia possesses the highest average efficiency (0.89) while the West exhibits the lowest efficiency (0.55). 10 South Africa dominates within Africa with the highest efficiency (0.95) while Uganda exhibits the lowest efficiency (0.10). In Latin America, Venezuela shows the highest efficiency (0.99) while Nicaragua shows the lowest efficiency (0.48). In the West, the average efficiency varies from the low of 0.25 in Cyprus to 0.99 in the United States. Finally, in East Asia the average efficiency varies from the low of 0.26 in China to 0.97 in Hong Kong. Most other East Asian countries exhibit low efficiencies as compared to Hong Kong, leading East Asia to exhibit the highest variability (0.24).
To calculate the output elasticity of capital, we differentiate equation (14) with respect to the natural logarithm of capital to derive the output elasticity of capital:
Similarly, the output elasticity of labor is:
10. As technical efficiencies are determined relative to each region's most efficient country, one cannot compare average efficiencies among regions.
Output Growth Decomposition with Input Quality Effects
With different values of V and H over countries and over time, equations (17) and (18) do not allow the calculation of a single value for capital and labor elasticity for each region. Consequently, we calculate a range of output elasticities using the minimum and the maximum values of V and H in each region. Notes: The frontier specification for each region is based on the hypothesis tests as reported in Table B1 in Appendix B. The lag subscript stands for a lag of one period. LLF stands for log-likelihood function. Technical efficiency is time-invariant for Africa (g is set equal to zero for Africa). The numbers in parentheses are t-statistics. ***Significant at the 1%; **Significant at the 5%; *Significant at the 10%. lists the summary statistics for the output elasticities with respect to capital and labor. The capital elasticity is highest in the West and lowest in East Asia while labor elasticity is highest in East Asia and lowest in the West. Moreover, the variability of the labor elasticity exceeds that of the capital elasticity in all regions except in Latin America where both variabilities are equal.
We next decompose output growth into input growth, input quality change, technical efficiency change and technological change. The role of physical capital in economic growth is a controversial topic and is often linked to the level of development. The stochastic frontier framework that we adopt allows a better look at the components of output growth because it accounts for changes in efficiency. In addition, the model permits the distinction between the quantity and the quality of the inputs. The growth of output equals the total derivative of equation (14) with respect to time. Consequently, equation (14) in growth rates becomes:
where dots over variables represent time derivatives and b Y is the estimated value of Y. We approximate the growth rate of variable X by the natural logarithmic difference between t and t À 1. That is,
Equation ( 11 We calculate the different components of output growth for the five regions. Table 10 reports the results of the output growth decomposition by region over the entire period as share in total growth. (Table B4 in Appendix B presents the decomposition by decade and by region.) Results indicate that physical capital, labor, technical efficiency and technological change all contribute importantly to output growth. Their strengths, however, vary across regions. The contribution to output growth of physical capital achieves its largest values in the West, where it accounts for 68.28% of total output growth, and its lowest value in East Asia where it explains only 43.03% of output growth. Meanwhile, the contribution of labor to output growth achieves its highest value in Latin America where it accounts for 42.23% of total output growth, and its lowest values in the West where it explains 8% of total output growth. In all regions, the findings show that the contribution of physical capital to output growth far exceeds that of labor. Labor 'quantity appears to be a weak foundation on which to build strong growth' (Gapinski, 1999, p. 125) .
Regarding technical efficiency, results show that technical efficiency change exhibits the largest effect on output growth in South Asia at 17.58%, and the smallest effect in Latin America at À17.11%. When one considers the contribution of technological change to growth, we find that technological change possesses the highest share in total output growth in East Asia at 40.68%, and the lowest in South Asia at À16.62%. In addition to its negative effect in South Asia, technological change seems to affect growth negatively in Africa as well. These results correspond with those of Kerekes (2011) , which argues that technological change contributes to growth in high and middle income countries, but not in low income countries.
Narrowing our focus within the output growth determinants to include input quality, we notice that both the age of physical capital and human capital affect growth in the expected direction in four out of the five regions. The share of the age of capital in growth is negative in all regions except in Africa (the higher the average age of physical capital, the lower the growth of output) while the share of human capital in total growth is positive in all regions except in East Asia. 11. These assertions implicitly assume that the effects of the age of capital and the educational attainment achieve their expected outcomes.
The results suggest that human capital exerts a bigger effect on growth than the age of capital in most regions indicating that the quality of labor takes over the quality of physical capital in most regions. Take note, however, that it is in South Asia that the quality of inputs has the highest positive effects on growth (column V + H in Table 10 ). Taking a closer look at input quality reveals that quantity exceeds quality for both capital and labor. To illustrate, in the West, for the entire sample, the total output growth equals 3.40% over the period (Table B4 ). This rate includes an increase in physical capital of 2.32%, which constitutes 68.25% of total output growth, and the age of capital reduces growth by 0.03%, or by À1.02% of total output growth. Moreover, in the West, labor explains 8% of total output growth, while the quality of labor increases growth by 4.37%. Gapinski (1999) correlates well with our results. He finds that, with the exception of Argentina, Brazil, Mexico, and Venezuela (his Latin Rim region), all other regions in his analysis rank international trade, capital quantity, and labor quantity as the top three determinants of output growth while capital quality and labor quality equal the bottom two forces, but by a wider margin for capital.
Whether factor accumulation or TFP growth contributes more to output growth remains perhaps the most controversial question in growth theory. Solow (1956) argues that the residual and not factor accumulation accounts for the bulk of output growth in the United States. Easterly and Levine (2001) and King and Levine (1994) also find that the residual accounts for most of the income and output growth differences across countries. Kumar and Russell (2002) and Nissan and Niroomand (2006) instead argue in favor of factor accumulation. To evaluate the role of TFP in output growth, we calculate the share of TFP growth in total output growth for each region as the difference between the rate of change of real product and the rate of growth of inputs. Applying this definition to equation (19), the change in TFP can be calculated as follows:
The last column of Table 10 shows the growth in TFP and its contribution to output growth. The share of TFP in growth reaches the highest percentages in East Asia and the West where TFP growth contributes 37.13% and 23.75% of total output growth while it reaches its lowest in Latin America and Africa with contributions to growth of À4.52% and 6.73%, respectively. Comparing the last column of Table 10 (TFP) to the third (K), we notice that capital accumulation overtakes TFP by far in all regions. This result supports the claim that it is physical capital accumulation and not TFP that explains most of growth.
CONCLUSION
This article contributes to the growth literature by examining the relative effects of factor accumulation and TFP improvement on output growth, taking into account the quality of inputs. We consider that the productivity of physical capital increases the younger is the capital; while the productivity of labor is higher Output Growth Decomposition with Input Quality Effects the more educated workers are. We estimate the average age of physical capital for 90 countries (grouped into five regions) and over the period 1960-2007. We find that the role of the age of the physical capital stock is not irrelevant to pinpoint productivity: stochastic frontier estimation reveals that the coefficient on the average age of physical capital proves negative and significant in three out of five regions. The negative effect of the average age of physical capital indicates that in these regions older capital exhibits lower productivity. Human capital possesses a positive and significant effect in all regions except in East Asia. The negative sign on human capital in East Asia probably reflects the sharp decline in the average years of education in this group in the years 2000.
The decomposition of output growth demonstrates that, in all regions, physical capital growth proves more important than either the improved quality of factors or TFP growth in explaining output growth. This result is in line with the claim that physical capital accumulation is the main driver of growth. Physical capital shows the highest share in the West, where it explains about 68.28% of total growth, and the lowest in East Asia, where it explains about 43.03% of output growth. Technological change exerts the highest effect on growth in East Asia, where it explains 40.68% of total growth, and the lowest in South Asia, where it contributes negatively to growth with a share in total growth of À16.62%.
Our growth decomposition shows that the age of physical capital decreases growth in four out of five regions (even if this effect is relatively small). This result hints that the old age of physical capital in these regions can be an obstacle to growth and that investing in newer physical capital that embeds more recent technology would enhance growth and productivity. Moreover, Africa and South Asia are the only two regions where the contribution of technological change to total output growth is negative. These are also the regions with the lowest average level of education. This suggests that there is an absence of human capital to successfully adopt and absorb foreign technology. It seems sensible for countries in these two regions to invest more in education if they want foreign technology to translate into growth. At the same time, this is not to say that other factors do not influence growth and TFP. For example, the expansion of our analysis of input quality to also include the institutional matrix (e.g. Acemoglu et al., 2005) is an important area of future research. 
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